In a series of 1,000 consecutive autopsy cases, we evaluated the clinical utility of thallium-201 (T1-201) myocardial scintigraphy and electrocardiography (ECG) in 101 patients who had been studied while alive. Fifty-five cases had myocardial infarctions (MI) at autopsy. The T1-201 scintigram and ECG in diagnosis of MI showed sensitivities of 68% and 60%, specificities of 87% and 83%, and diagnostic accuracies of 76% and 70%, respectively. The sensitivity of the T1-201 scintigram was 70% in anterior MI, 80% in postero-inferior MI, 25% in lateral and subendocardial infarction. The sensitivity was 88% for large massive MI, but was low in scattered (50%) or middle-sized MI (17%). The diagnostic limit of the resolution of T1-201 scintigrams was 4.5cm in long diameter. All 8 cases with MI of less than 4cm could not be diagnosed with the technique. There were 48 cases of large MI (more than 5cm), but 8 cases could not be diagnosed by scintigraphy because of non-transmural or scattered MI. A comparison of the T1-201 scintigram and ECG showed that 27 cases out of 60 cases were diagnosed by both methods, 14 only by the T1-201 scintigram, 9 only by ECG and 10 by neither method.
A MI was diagnosed by gross examination when myocardiall necrosis or a scar was more than 1cm long in diameter. Microscopic studies were also performed. A MI was classified as anterior (including antero-septal), posterior (including postero-septal), lateral or subendocardial infarction. MI was also classified according to the types of wall involvement: massive or scattered, and transmural or non-transmural.8), 9) The size of the MI was expressed as large (>5cm for longest diameter), middle-sized (2-5cm) and small (1-2cm).8) The MIs which occurred after T1-201 scintigraphy were included in the control group.
Unpaired t-tests and Chi-square tests were used to assess differences between the groups. Thirteen (93%) of 14 MI which were studied more than 1 month after the onset of MI had positive scintigrams, but only 13 (48%) of 27 in which the onset of MI was not known had positive scintigrams.
In the 55 patients with MI, the intervals from T1-201 scintigraphy to death ranged from 3 days to 6 years (average of 19 months).
Nineteen patients with negative scintigrams were dispersed irrespectively of these intervals.
In 46 patients without a MI at autopsy, the intervals from T1-201 scintigraphy to death ranged from 3 days to 6 years (average of 17 months).
II. T1-201 scintigram-Autopsy correlations The results of a comparative study between pathologic and T1-201 scintigraphic findings for 60 infarctions are shown in Table I . The T1-201 scintigram correctly diagnosed the presence of MI in 19 (70%) of 27 cases with an anterior infarction at autopsy, in 20 (80%) of 25 with a posterior infarction, in 1 (25%) of 4 with a lateral infarction and in 1 (25%) of 4 with a subendocardial infarction.
In addition, 35 (88%) of 40 cases with a massive large infarction, 4 (50%) of 8 with a scattered large infarction and 2 (17%) of 12 with a middle-sized infarction had T1-201 scintigraphic defects. Fig.2 shows 3 representative infarctions which were correctly diagnosed with T1-201 scintigraphy; a massive anterior MI ( Fig.2A) , a massive posterior MI (Fig.2B ) and a middle-sized antero-septal MI (Fig.2C) .
These three infarctions were transmural and showed thinning of the walls. Nine (75%) of 12 MIs with cardiac aneurysms had T1-201 scintigraphic defects. As Fig.3 .
Eight infarctions less than 4cm in long diameter were not detected by the T1-201 scintigram; 7 were nontransmural and/or scattered infarctions.
Thus, the limit of detection of MIs by the T1-201 scintigram was 4.5cm (long diameter). (Fig.5A) , a scattered large non-transmural lateral infarction (Fig.5B) and a middle-sized septal infarction (Fig.5C ). The scintigram in Fig.6 shows an apico-inferior defect but no defect in the high antero-septal area. Pathologic examination showed a large antero-septal infarction with a ventricular aneurysm (Fig.7A) and an apico-posterior infarction (Fig.7B) . Only one of the 2 infarctions was detected with T1-201 scintigraphy.
IV. The sensitivity, specificity and diagnostic accuracy In Table II the sensitivity, specificity and diagnostic accuracy are shown for T1-201 scintigraphy and ECG on the basis of pathologic findings. The sensitivities of T1-201 scintigraphy and ECG were 68% and 60%, the specificities were 87% and 83% and the diagnostic accuracies were 76% and 70%, respectively. Three indices were higher for T1-201 scintigraphy than for the ECG. Six cases with false positive T1-201 scintigraphy included 2 cases of cardiac amyloidosis, 2 of marked cardiac fibrosis, one of rheumatic endomyocardial fibrosis (Figs.7C and 8) , and one of dilated cardiomyopathy (DCM). Of (A) and (B) represent Case 7 (Fig.6) 27 anterior infarctions and 14 (56%) of 25 posterior infarctions could be diagnosed by both methods, but none of the 4 lateral and 4 subendocardial infarctions could be diagnosed by either method. From the view of the size and nature of the MI (Fig.9) , 26 of 27 infarctions diagnosed by both methods were more than 5cm (long diameter); only 3 cases were non-transmural and scattered infarctions.
Eight of 14 diagnosed only by T1-201 scintigraphy had massive large infarctions.
While 4 of 9 diagnosed only by ECG had a large MI, 3 of these cases were non-transmural Wackers et al11) reported that the frequency of positive scans was significantly higher (90 of 96) in patients studied within 24 hours of the onset of MI than in patients studied later (75 of 104) and that repeated scintiscans obtained later than 24 hours showed few changes in defect size. Holman10) reported that the sensitivity of the technique decreases with time after the onset of symptoms. Fletcher et al12) reported that patients with small infarctions showed a greater reduction in size with time. In our patients with infarctions at autopsy, the latency from the onset of MI to T1-201 scintigraphy ranged from 3 days to 16 years and the interval from T1-201 scintigraphy to death was from 3 days to 6 years. Both groups of patients with and without T1-201 scintigraphic defect were distributed independently of these intervals. Cases with a known MI onset had positive scintigrams more frequently than those in which the onset was not known. However, most cases in which the onset was unknown had middle-sized and/or non-transmural infarctions.
The present study indicates that the ability of T1-201 scintigraphic to detect defects was higher for posterior infarctions (80%) than for anterior infarctions (70%). There are reports13),14) that the detection of defects was lower for postero-inferior infarctions than for anterior infarctions. This discrepancy might be explained by the fact that, in this study, large and scattered infarctions and middle-sized infarctions were more frequent in anterior infarction than postero-inferior infarction. In cases of massive large infarctions, 17 of 18 with anterior infarctions and 17 of 19 with posterior infarctions showed T1-201 scintigraphic defects. The detection of T1-201 scinti-graphic defects in lateral infarctions was low (25%), because only 1 of 4 patients had a large and massive infarction.
Several studies1),3),7) have shown that small infarctions are difficult to diagnose with T1-201 scintigraphy. In this study, 8 cases of MI below 4cm (long diameter) could not be diagnosed. Small lesions may be obscured by the surrounding viable myocardium.15) T1-201 scintigrams did not consistently show perfusion defects in 9 cases with infarctions from 4 to 5cm (long diameter). Therefore, the T1-201 scintigram could reliably detect MIs greater than 4.5cm in long diameter. In experimental studies using phantoms, Cook et al16) reported that lesions over 2.5cm can be seen in any projection and Narita et al17) reported that lesions over 2.5cm in diameter were accurately detected with T1-201 scintigraphy. Mueller et al18) reported that abnormal scintigrams could be detected for smaller deficits in a phantom than in dogs. In reality, though, the diagnostic limit of T1-201 scintigram in man could be larger (4.5cm) than in phantom experiments due to the presence of surrounding tissues of the human body and the beating during the entire cardiac cycle.
Eight cases of large infarction were not diagnosed by T1-201 scintigraphy; 7 had non-transmural and/or scattered infarction. The remaining falsenegative case had a primarily non-transmural infarction with a partially transmural lesion; only the transmural lesion was detected. In 2 previous studies19), 20) and this study, the detection of T1-201 scintigraphic defects was lower for non-transmural infarctions (40% to 80%) than for transmural infarctions (88% to 90%). This may be due to the presence of viable myocardium in both the infarcted area (as in scattered MI) and surrounding regions. Thus, cases in which perfusion defects in T1-201 scintigrams were detected had 3 common factors; i) transmural infarction, ii) thinning of the wall in the infarcted area and iii) large (more than 5cm for longest diameter) infarction.
The sensitivity of T1-201 scintigraphy in diagnosis of an old MI, on the basis of pathologic findings, was reported as 72% by Wackers et al,1) 67% by Takahashi et al,7) 59% by Murata et al5) and 100% by Nagai et al. 4 ) By contrast, the sensitivity of ECG on the basis of pathologic findings was reported as 35% by Alonso et al,21) 96% by Savage et al22) and 60% by Gunnar et al.23) Only Takahashi et al7) compared the sensitivity, specificity and diagnostic accuracy of T1-201 scintigraphy with ECG. In acute MI, Wackers et al1) reported that there was a 91% correspondence between scintigraphic defects and the postmortem location of infarctions and 70% correspondence between the ECG and postmortem findings. In our study, the sensitivities of T1-201 scintigraphy and ECG were 68% and 60%, the specificities were 87% and 83% and diagnostic accuracies were 76% and 70%, respectively. Furthermore, T1-201 scintigraphy was more useful than ECG in diagnosis of an old MI. In addition, T1-201 scintigraphy will be extremely helpful in diagnosis of MI in patients with abnormal conduction disturbances.), 24) In this study, 1 of 2 patients with LBBB and 1 with an intraventricular conduction disturbance showed T1-201 scintigraphic defects.
False-positive cases were reported in patients with coronary artery disease,25,26 dilated cardiomyopathy,27 aortic valve stenosis and sarcoidosis.28 There were 6 false-positive cases in this study, of which 2 had cardiac amyloidosis, 2 marked cardiac fibrosis, 1 rheumatic endomyocardial fibrosis and 1 dilated cardiomyopathy.
Twenty-seven of 60 cases (45%) could be diagnosed by both T1-201 scintigrams and ECG, 14 (23%) only by the T1-201 scintigram, and 9 (15%) only by ECG. A MI could be diagnosed more correctly and more frequently by a combination of methods. In this study, 5 of 9 patients who were diagnosed only by ECG had non-transmural and/or scattered infarctions. Fourteen who were diagnosed only by T1-201 scintigraphy had MIs of various sizes. Since 8 large infarctions were included in the group, the reason for the failure of ECG diagnosis was not known. Finally, 10 cases could not be diagnosed by either method.
